Abstract Iris yellow spot virus (IYSV), an emerging disease of onion crops, was identified by transmission electron microscopy, enzyme linked immunosorbent assay, and reverse transcription polymerase chain reaction in Costa Rica. Onion plants had straw-colored, elongated lesions and tip dieback. Costa Rican IYSV nucleocapsid partial sequences (15 isolates) grouped with isolates from North and Central America and from New Zealand.
Iris yellow spot virus (IYSV) is an economically important plant virus in the genus Tospovirus, infecting onion and garlic crops and bulb ornamental plants worldwide. IYSV is transmitted by two species of thrips (Thysanoptera): Thrips tabaci (Kritzman et al. 2001) and Frankliniella fusca (Srinivasan et al. 2012) . Since the first report of the virus in Brazil, it has been reported in numerous countries in Africa, North and South America, Asia, Europe, and Oceania, and since 2003 this tospovirus is associated to disease epidemics in the USA and other countries (reviewed in Pappu et al. 2009 ).
Herein, we report the detection of IYSV in Costa Rica and we noticed inconsistency in detection results among ELISA and different primer pairs for RT-PCR. During 2013 and 2014, onion crops in two growing areas on Costa Rica's Central Valley (Cartago and San José provinces) were visited due to the presence of straw-colored, elongated lesions; tip dieback and extensive drying of leafs ( Fig. 1a-d) . These symptoms were similar to those described for IYSV infection in Georgia (USA) and Peru (Nischwitz et al. 2007 ); however, diamond-shaped lesions with a green center, a diagnosis-value symptom ( P a p p u e t a l . 2 0 0 8 ) , w e r e o b s e r v e d s e l d o m . Additionally, all the visited fields had high numbers of onion thrips (T. tabaci) further suggesting IYSV may be the causal agent of the observed symptomatology. Therefore, 18 leaf symptomatic samples (individual plants) were collected, ten and eight from Cartago and San José provinces, respectively. Samples were evaluated by DAS-ELISA (per duplicate wells) with specific antibodies against IYSV (Agdia, Elkhart, USA), according to the manufacturer's instructions and using positive and negative controls from the same supplier. Positive results were those with average absorbance values greater than twice the absorbance values for negative controls (n = 4 wells/plate). Ten out of 18 samples (56%) tested positive by ELISA for IYSV infection (Table 1) .
Two samples, 1A and 2B, and a compound sample consisting of tissue sections from samples collected from the same locality (4D to 10D) were evaluated by transmission electron microscopy (TEM). Small leaf segments (1 × 2 mm) were harvested around necrotic lesions on symptomatic onion leaves and fixed in Karnovsky solution (Karnovsky 1965) in 0.05 M cacodylate buffer pH 7 at 6-8°C. Fixed tissue was processed and embedded in Spurr's epoxy resin (Spurr 1969) as described by Montero-Astúa et al. (2008) . Thin sections were obtained with a diamond knife and an ultramicrotome (Power Tome PC, RMC) and stained for 5 min with 2% uranyl acetate aqueous and for 2 min with Sato's modified lead stain method (Hanaichi et al. 1986 ). Grids were observed using a Hitachi H-7100 electron microscope (Tokyo, Japan) at 100 kV. We observed numerous spheroidal membranous particles, with an average diameter of 79.81 ± 10.28 nm (n = 795 virions, range 50.00 to 114.80 nm, measured using ImageJ software, Schneider et al. 2012) . The particles were found within membranebound vesicles in the cytoplasm as double enveloped virions (DEV) or as groups of virions (Fig. 1e) . The shape and size of the particles found on the samples resembled those typical for tospoviruses (Whitfield et al. 2005) .
To confirm the presence of IYSV, samples were tested by RT-PCR with specific primers. Total RNA was extracted using RNeasy Plant Mini Kit (Qiagen, Hilden, Germany) and cDNA was synthesized with random hexamers using Maxima H Minus First strand cDNA Synthesis Kit (Thermo Scientific, Lithuania) following the manufacturer's instructions. PCR reactions were performed in 25 μL, containing 2 μL of cDNA, 12.5 μL of 2X DreamTaq PCR Master Mix (Thermo Scientific, Lithuania), and 200 nM each primer. Initially, samples were tested with primers IYSV-465c and IYSV-239f (Pappu et al. 2008 ) with the following thermal profile: 95°C × 3 min; 35 x (94°C × 30 s, 60°C × 30 s, 72°C × 20 s); 72°C × 5 min. No amplification product was obtained with that primer pair under our experimental conditions. Similarly, Krauthausen and collaborators (2012) reported no amplification for some samples with this primer pair at 60°C annealing temperature. Therefore, samples were tested with two additional primer pairs: IYSV-837/Tos-R15 ( U g a a n d Ts u d a 2 0 0 5 ) a n d J J -2 3 2 f / J J -6 9 2 r (Krauthausen et al. 2012) ; and 14 and 13 samples were positive, respectively. In total, 89% (16/18) of the samples were confirmed to be IYSV-positive with one or (Table 1 ). The two samples that failed to amplify by the different PCR reactions were also ELISA negative. Six samples tested positive by RT-PCR, although; were ELISA negative. Uncertain diagnosis based on leaf symptoms and discrepancies between ELISA and RT-PCR results were reported previously (Krauthausen et al. 2012) . Moreover, the distribution of IYSV throughout an infected plant is uneven (Kritzman et al. 2001; Smith et al. 2006 ) and thus the pieces of tissue used for ELISA and RT-PCR may contain differential virus titer, even when extracted from the same plant. The low frequency of diamond-shaped lesions (diagnosis-value symptom) may be due to different onion varieties and/or weather conditions (Nischwitz et al. 2006 (Nischwitz et al. , 2007 .
To confirm the RT-PCR results and gain information on the diversity of IYSV in Costa Rica, 14 amplicons obtained using primer pair IYSV-837/Tos-R15 and six amplicons (randomly selected) for primer pair JJ-232f/ JJ-692r were directly sequenced (Macrogen Inc., Korea) using forward and reverse primers, respectively. Sequences obtained with both primer pairs overlapped; therefore, a final contig per sample (total 15 isolates) was assembled with all the obtained forward and reverse reads. MegaBLAST (National Center for Biotechnology Information, U.S.) first hit for each sequence had 97 to 99% identity with IYSV sequences from Mexico (KX443602 and KX443603) or New Zealand (EU477515). These results confirmed the detection of IYSV in onion samples from Costa Rica. Moreover, the IYSV partial N sequences (accession numbers KY569524 to KY569538) were aligned against a selection of IYSV sequences worldwide (Nischwitz et al. 2007; Krauthausen et al. 2012; Iftikhar et al. 2014 ) with MEGA7 (Kumar et al. 2016 ) using MUSCLE (Edgar 2004) . Phylogeny was inferred in MrBayes v.3.2.6 (Ronquist et al. 2012 ) with a mixed substitution model (lset = mixed) and gamma-shaped rate variation with a proportion of invariable sites (lset rate = invgamma). Costa Rican IYSV isolates grouped together (supported by 97% probability) with isolates from Canada, Mexico, New Zealand and the U.S. 11E, 12E and 15E var. Rapsodia; 13F and 14F var. Aquarius; and 16G to 18G are the red onion variety Mata Hari b "+" = positive sample for the presence of IYSV, and "-" = negative sample c Different primer pairs used for IYSV detection by RT-PCR (Fig. 2) . The phylogenetic analysis separated IYSV isolates included in this study into two main clades (100% support) in accordance to the phylogenetic tree showed by Iftikhar et al. (2014) suggesting that Costa Rican isolates belong to the IYSV Netherlands (IYSV NL ) type. Tospoviruses currently are emerging diseases and economically important plant viruses (Pappu et al. 2009 ). IYSV is one of those viruses expanding its geographic range. To our knowledge, this is the first report of natural occurrence of IYSV in Costa Rica. How this plant virus arrived to Costa Rica is unknown at this time. The sequences obtained during this work and the notes on its symptomatology and detection will contribute to draw a complete worldwide panorama for virus occurrence, sequence diversity and epidemiology. Fig. 2 Bayesian inference phylogenetic tree of Iris yellow spot virus partial nucleocapsid (N) gene sequences (S genome of tospoviruses) including 15 Costa Rican isolates and selected sequences from around the world. Node labels are posterior probabilities (in percentages). Sequences were aligned with MUSCLE algorithm in MEGA7 and phylogeny inferred with MrBayes v3.2.6 (mixed substitution model and a model (invgamma) combining a proportion of invariable sites and gamma-shaped rate variation models). Scale bar represents number of substitutions per site, and branch breaks correspond to a branch length of 0.6288 substitutions per site
